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IMMOBILIZED SgQUENCE-SPECinC PROBES 

This invention relates to nucleic acid chemistry and to methods for detecting 
particular nucleic acid sequences. More specifically, the invention relates to a method for 
immobilizing DNA and RNA probes, stable assay reagents comprising the immobilized 

5 probes, and hybridization assays conducted with these immobilized probes. The invention 
has applications in the fields of medical diagnostics, medical microbiology, forensic 
samcff, environmental monitoring of microorganisms, food and drug quality assurance, 
and molecular biology. 

Investigational microbiological techniques have been applied to diagnostic assays. 

0 For example, Wilson fit al. U.S. Patent No. 4395,486 discloses a method for detecting 
sickle cell anemia by restriction fragment length polymorphism (RFLP). Wilson a ai. 
identified a restriction enzyme capable of cleaving a nonnal globin gene but incapable of 
cleaving the mutated (sickle cell) gene. As sickle cell anemia arises from a point mntation, 
the method is effective but requires 10 to 20 ml of blood or amniotic fluid. 

5 Various infectious diseases can be diagnosed by the i*eaac* in c li nical samples of 

specific DNA sequences characteristic of the causative microorganism or infectious agent 
Pathogenic agents include certain bacteria, wK »« Sahmfflfillfc QllfflTM 1 " 
viruses, such as the hepatitis, HTLV, and HIV viruses; and protozoans, such as 
Plasmodium, responsible for malaria. U.S. Patent No. 4358,535 issued to Falkow a al. 

3 describes the use of specific DNA hybridization probes for the diagnosis of infectious 
diseases. The Falkow a si method for detecting pathogens involves spotting a sample 
(e.g., blood, cells, saliva, etc.) on a filter (e.g^ nitrocellulose), lysing the cells,.and fixing 
the DNA through chemical denaturation and heating. Then, labeled DNA probes are added 
and allowed to hybridize with the fixed san^le DNA, and hybridization indicates to 

5 presence of the pathogen DNA. A problem inherent in the Falkow fit Sl» procedure is 

insensitivity; the procedure (toes not work well when very few pathogenic organisms are 
present in a clinical sample from an infected patient or when the DNA to be detected 
constitutes only a very small fraction of the total DNA in the sample. Falkow si aL do 
vach that the sample DNA may be amplified by culturing the cells or organisms in place on 

j the filter. 

Routine clinical use of DNA probes for the diagnosis of infectious diseases would 
be fl*wpiifii»< considerably if non-radioactively labeled probes could be employed as 
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described in EP 63,879 to Ward. In the Ward procedure, horseradish peroxidase (HRP) 
labdedDNA probes detected by a chromogemcrea^ The Ward 

detection methods and reagents are convenient but relatively insensitive, again because the 
specific sequence that must be detected is usually present in extremely small quantities. 

A significant impr o v ement in DNA amplifioitinn, the polymerase chain reaction 
(PCR) technique, was disclosed by Mullis in U.S. Patent No. 4,683,202, and detection 
methods utilizing PCR are disclosed by Mollis aal in U.S. Patent No. 4,683,195. In the 
PCR technique, short oligonucleotide primers are prepared which match opposite ends of a 
sequence to be amplified. The sequence between tteprmm need not te known. A 
sample of DNA or RNA is extracted and denatured, preferably by hear. Then, 
oligonucleotide primers are added in molar excess, along with dNTPs and a polymerase, 
preferably Taq polymerase, which is stable to heat arid cbnmercially available from PerJrin- 
ElmetfCemsInsouinents. DNA polymerase is "prinw^firected." in that replication ininates 
at the rwo primer annealing rites. The DNA is replicated, and thm ngirin drnamred. 

This replication results in two "long products," which begin with the respective 
prnners. and u» two original so^ The products are called 

"long products," only because there is no defined point of termination of the synthesized 
ctT»n/4 The reaction mixture is then returned to polymerizing conditions (e.g>, by lowering 
the temperature, inactivating a denaturing agent, and, if necessary, adding more 
polymerase), and a second cycle initiated. The second cycle prwddestte two original 
strands, the two long products from cycle one, two new long products (replicated from the 
original strands), and two "short products" replicated from the long products produced in 
cycle one. The products are called "short products," beca us e these strands must terminate 
at the 5* end of the "long product* template -tt* end defined tjytte 
synthesis of the long product, The short products contain the sequence of the target 
sequence (sense or andsense) with a primer atoneendandaseauenceccmrJementarytoa 
primer at the other end. On eich adrtinonal cyde, an additional two long products are 
pioduced, and a trombercf short produce 

xtrnairdng at the end cftne preview Thus, ttenuniber of short 

.products can double witheach cycle. This exp onenti a l rniplffi r airion of a specific target 
sequence allows the detection of exmaidysnaflquantiiiesofDNA. 

The PCR process has revohmemzed and revitalized the nurln'r nriri hasrri medical 
diagnostics industry. Because uwpresemmvenudnprcMdeareagen 
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utilized in conjunction with PCR, some additional background information on PCR may be 
helpful The PCR process can be used to amplify any nucleic acid, including single or 
double-stranded DNA or RNA (such as messenger RNA), nucleic acids produced from a 
previous amplification reaction, DNA-RNA hybrids, or a mixture of any of these nucleic 
acids. If the original or target nucleic acid containing the sequence variation to be amplified 
is single stranded, its complement is synthesized by adding one or more primers, 
nucleotides, and a polymerase; for RNA, this polymerase is reverse transcriptase. 

The PCR process is useful not only for producing large amounts of one specific 
nucleic acid sequence, but also for amplifying simultaneously more than one different 
specific nucleic acid sequence located on the saine or differm nucleic acid molecules. 
When one desires to produce more than one specific nucleic acid sequence in PCR, the 
appropriate number of different oligonucleotide primers are utilized. For example, if wo 
different specific nucleic acid sequences am » be produced, f*»M^^ 
two for each specific nucleic add sequence to be amplified. 

The specific nucleic acid sequence amplified by PCR can be only a fraction of a 
larger nmlecute or can be pesent initially 

sequence amplified constitutes the entire nucleic acid. In addition, the sequence amplified 
by PCR can be present initially in an impure form or can be a minor fraction of a complex 
mixture, such as a portion of nucleic arid sequence due to a particular microorganism that 
constitutes only a very minor fraction of a particular biological sample. The nucleic acid or 
acids to be anmlified may be olxaine^ 

or RNA, or from natural DNA or RNA from sources such as bacteria, yeast, viruses, and 
higher organisms such as plants or animals. DNA or RNA may be extracted from blood or 
tissue material such as chorionic villi or amniotic cells by a variety of techniques, including 
the well known technique of prc^ysis and phend exiractton. as is cm 
prepatution of nucleic acid fcr restriction enzyme digestion. In addition, suitable nucleic 
arid preparation techmqoes are described in Mamatis fl aL MnlrmlflT Cloning; A 
l^tnniMMttisl (New York. Cold Spring Harbor Uboratory. 1982). pp. 280-281; 
U.S. Patent Nos, 4.683.193 and 4.683,202; EP 258.017; and Saiki aal. 1985. 

- JMr-rimologv 3:1008-1011 , . , 

specific nucleic acid sequence can be produced by the PCR process. It is only 
necessary niatasufilcient number of bases at bcmeiids of the sequence be known m 
sufficient detail so that two oUgonucleotide primers can be prepared which will hybridize to 
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different strands of the desired sequence at relative positions along die sequence such that 
an extension product synthesized from one primer, when it is separated from its template 
(complement), can serve as a template for extension of the other primer* The greater the 
knowledge about the bases at both ends of the sequence, the greater can be the specificity 
of the primers for the target nucleic acid sequence, and thus the greater the probability that 
5 the process win specifically amplify the target 

The specific amplified nucleic- acid sequence produced by PCR is produced from a 
nucleic acid containing that sequence and called a template or "target," If the target nuc l ei c 
acid contains two strands, the strands are separated before they are used as templates, either 
in a separate step or simultaneously with the synthesis of the primer extension products* 

10 This strand separation can be accomplished by any suitable denaturing method, including 
physical, chemical, or enzymatic means. One physical method of separating the nucleic 
add strands involves heating the nucleic acid until it is completely (>99%) denatured. 
Typical heat denaturation involves temperatures ranging fiom about 80 to 103°C for times 
ranging from about 1 second to 10 minutes. Strand separation may also be induced by a 

15 hdicase enzyme, or an enzyme capable of exhibiting hcticase activity, e.g* the enzyme 
RecA, which has helicase activity and in the presen ce of riboATP is known to denature 
DNA. The reaction conditions suitable for separating the strands of nucleic acids with 
helicases are described in Cold Spring Harbor Symposia on Quantitative Biology, VoL 
XUQDNA: Replication and Recombination" (New Yoric, Cold Spring Harbor 

20 Laboratory, 1978), B. Kuhn fiftl* DNA Helicases", pp. 63-67, and techniqnes for using 
RecA are reviewed in Radding, 1982, ADO* BflX> OfflSlia 16:405-437. 

When the complementary strands of the nucleic acid or acids are separated, whether 
the nucleic acid was originally double or single stranded, the strands are ready to be used as 
a template far the synthesis of additional nucleic arid strands The amplification reaction is 

25 generally conducted in a b uffered aqueous solution, preferably atapHo£7to9(allpH 
values herein are at mom temperamre) most preferably about pH 8. Preferably, a molar 
excess (for cloned nucleic acid, usuaUy about 1000:1 primernemplate, and for genomic 
_nuckicacid, usually about 10*-*:1 primertemplate) of the two oligonucleotide primers is 
added to the buffer containing the separated template strands. The amount of 

30 complementary strand may not be known, however, in many app l ica t ions, so that the 

amount of primer relative to the amount of complementary strand may not be determinable 
with certainty. 
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The deoxyribonucleoside triphosphates dATP, dCTP, dCTP. and dTTP are also 
added to the PCR mixture in adequate amounts, and the resulting solution is heated to about 
90-100°C for about 1 to 10 minutes, preferably from 1 to 4 minutes. If the target nucleic 
acid forms secondary structure, the nucleotide T-deaza-rKieoxygiisiiosme-S'-triphosphate 
is also employed, as is known in the an, to avoid the potential problems such secondary 
structure can cause. After heating, the solution is allowed to cool to room temperature, 
preferred for primer hybridization. To the cooled mixture is added a polymerization agent, 
a«l the polymerization reaction is conduct^ This 
synthesis reaction may occur at temperatures primarily defined by the polymerization agent. 
Thus, for example, if an £. fipji DNA polymerase is used as a polymerizing agent, the 
maximum temperature for polymerization is generally no greater than about 40°C Most 
conveniently, the reaction using £ ffji polymerase occurs at room temperature. For most 
PGR applications, however, the thermostable enzyme Taq polymerase is employed at much 
higher temperatures, typically 50 to 70'G 

Nevertheless, the polymerization agent for PCR may be any compound or system, 
including enzyme*, which will function to accomplish the synthesis of primer extension 
products from nucleotide triphosphates. Suitable enzymes for this purpose include, for 
example, LsaliDNA polymerase I. Klenow fragment of £ coJiDNA polymerase I, T4 
DNA polymerase, other available DNA polymerases, reverse transcriptase (used in the first 
cycle of PCR if the target is RN A), and other enzymes, including heat-stable enzymes such 
20 as Taq polymerase, which will facilitate combination of the nucleotides in the proper 
niannfftofcOTtheprraweMerriOT 

acid strand. Generally, synthesis will be initiated at the 3' end of each primer and proceed 
in the 5' direction along the template strand, until synthesis terminates. There may be 
agents, however, which initiate synthesis at the 5" end and proceed in the other direction, 
and there seems noreason such agents could ikx also used as polytnerizarica agents in 
PCR. 

The newly synthesized strand in PCR is base paired to a complementary nucleic 
aridsmuximformaa^ble-stra^ 
-steps of me rKX process. In the next step, the strands of the double-stranded molecule are 
separated to provioe smgk-stranded molecules on which new nucleic acid is synthesized. 
Additional poiyirrrizarion agent, nucleotides, and primers may be added if necessary for 
the reaction » proceed. The PCR steps of strand separation and extension product 
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synthesis can be repeated as often as needed to produce the desired quantity of the specific 
nucleic acid sequence. 

As noted above, PCR has revolutionized the nucleic acid based diagnostics 
industry. European Patent Office Publication 237362, incorpor at ed herein by reference, 
discloses assay methods employing PCR* In EP 237,362, PCR-amplifiedDHA is fixed to 

5 a filter and then treated with a prehybridization solution containing SDS, Ficoll, sexum 

albumin, and various salts. A specific oligonucleotide probe (of cg^ 16 to 19 nucleotides) 
is then added and allowed to hybridize. Pr efe rably, the probe is labeled to allow for 
detection of hybridized probes. EP 237362 also describes a "reverse" dot blot, in which 
the probe, instead of the amplified DNA, is fixed to the membrane; 

10 The recent advent of PCR technology has enabled the detection of specific DNA 

sequences initially present in only minute (<1 ng) quantities. For example Hignchi flak 
1988. Nature 332^43-546. describe the characterization of genetic variation between 
individuals based on samples containing only a single hair. DNA was isolated from the 
hair by digestion and extraction and then treated under PCR conditions to obtain 

13 amplification. Spedfic nucleotide variations were then detected by either ferment length 
polymorphism (PCR-FLP), hybridization to sequence-specific oligonucleotide (SSO) 
probes (a technique also described in Saflri g aL* 1986, Huu&224ll63-166) or by direct 
sequencing via the dideoxy method (using amplified DNA rather than cloned DNA). 
Because PCR results in the replication of a DNA sequence positioned between two 

20 primers, insertions and deletions between the primer sequences result in product sequences 
of different lengths, which can be detected by sizing the product in PCR-FLP. In SSO 
hybridization, the amplified DNA can be fixed to a ny km filter by UV irradiation in a series 
of 'doc biots M and, in one variation of the technique, then allowed to by bridize with an 
oligonucleotide probe labeled with HRP under stringent conditions. After excess probe is 

25 removed by washing, 3, 3', 5, ^tetramethylbenzidiiie (TMB) and H2O2 are added; HRP 
/*fttniyr»j WjOfrrfwAiaHnn rfTMB tn a Mug pracrpitatE. the presen c e of which indicates 
hybridized probe. U.S. Patent No. 4,789,630, incorporated herein by reference, describes 
jrcwcfrli enrnpoiindt nsefbl for purpoiea of the present invention. One may 

alternatively use one of the other leuco dyes (such as a red leuco dye developed by DuPont 

30 and licensed to Kodak) to indicate the presence of HRP. However, any chromogen that 
develops precipitable color or fluorescence as a consequence of perootidatic activity can be 
used to detect HRP-tabded reagents. In fact, any enzyme can be used to label, so long as 
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there exists a colorless substrate which forms a colored or fluorescent product as a result of 
enzyme activity and the product can be captured on a solid support. Separate dot blot 
hybridizations are performed for each allele t este d 

Church £i aj.. 1984, Mail. Afiad USA 41:1991-1995, discloses a 
method for genomic sequencing which comprises cross-Bnking restriction enzyme-digested 
genomic DNA fragments to nylon membranes using UV irradiation, and probing the bound 
fragments with comparatively long (100-200 bp) DNA probes. Church flat also discloses 
that NTPs dried onto nylon membranes and UV irradiated at 0.16 KJ/m2 for two minutes 
are bound more stably (Lc, TTP ■ 130x, dGTP ■ 30x, dCTP ■ 20x, and dATP » lOx) 
than non-UV irradiated nucleotides. Primary anrino groups are highly reactive with 254 
run light-activated thymine (see Saito fi at, 1981, IaatetamLfitt. 22:3263-68). and this 
reactivity is believed to be the mechanism by which nucleotides become covalently bound 
to a membrane. 

The detection of genetic variations using SSO probes is typically performed by first 
denaturing and inirnobilizing the sample DNA on a nylon or ratrocellulose membrane. The 
membrane is then treated with short (15-20 base) ohgonucJeotides under stringent 
hybridization conditions, allowing annealing only in cases of exact complementarity. A 
large number of hybridizations must be performed when a sample is examined for the 
prtse«x of rrany ciifferem sequences. rwexaniple,atestfcru»mostaxnnion genetic 
mutations that lead to bea-thalassemia in Mediterranean populations would involve 12 
probes and require 12 separate hybridizations, accomplished either by probing one filter 12 
dmes or by conducting simultaneous hybridizations on 12 replicate filters (or some 
combination thereof). A DNA-based HLA typing test can require 20 to 50 probes and 
hybridizations, a prohibitive effort if one uses the prior an methods that require either 
spurring the sample into as many portions as there are probes or blotting the sample 
foUowed by probmgwim a single probe a^ 
be repeated for each probe tested 

In traditional ruKdeic acid (ietectionb^ 
sample, including the hybridization target, is noncovalendy cAentisorbed onto a solid 
-support such as nirroceUulose or nylon and then hybridized to a labeled target-specific 
probe which, except in the SSO methodology just described usually contains hundreds to 
thousands of nucleotides and is made biosyniteticauy. This method suffers from multiple 
deficiencies. The noncovalent target capture generally is weak enough that considerable 
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target may be washed from the solid support during detection (see, far example, Gingeras 
StaU 1W7 WneMe Acids Research 15:5373-3390 and Gamper gal, 1986,NuclaC 
Acids Research 11:9943-9954). Target chemisotptkm reduces the reactivity of the target 
sequence toward hybridization with probe. TTie capture and hybridization processes 
normally take many hours to reach completion. The need to chemise* the target 
immediately before detection prevents the manufacture of a storage-stable capture reagent 
with built-in target specificity that can be applied rapidly to test samples. The sequence non- 
specificity of capture complicates the examination of a single test sample with more than 
one probe: either a lot of test sample must be available to load different solid supports to 
incubate with the various probes or a lot of time must be consumed in serial probing of a 
singly immobilized test sample. 

Ranlri fit al, 1983, Gene 21:77-85, improve oo die traditional technology by 
creating a sequence-specific capture reagent, capturing the target sequence from the test 
sample by nucleic acid hybridization and increasing specificity by detecting captured target 
with a second, labeled, sequence-specific nucleic acid probe. However, their technology 
still suffers from multiple deficits. The sequence-specific c^ture probe is immobilized by 
chemisorpuon, so that the assay still is vulnerable to signal attenuation by desorption of 
both capture probe and probe- target com 

ChCTtynprion mhttes probe reactivity, requiring long incubation times to maximize 
capture efficiency. Two nucleic acid probes must be manufactured instead of one. The 
capture and detection probes of Ranki si aL are so large that they must be prepared by 
biosynthetic instead of much cheaper chemical synthetic routes. A small capture probe 
would not be immobilized efficiendy by chenrisorption. 

Gingeras 1987, supra, improve further on DNA probe technology by 
covalently anaciring relatively short, chemically synthesized, oligonucleotide hybridization 
probes to a solid support, dramatically reducing hybridization, time. However, direct 
couplin g of the target-specific sequence to the support risks rednced reactivity caused by 
steric occlusion by the support. Furthermore, the method demonstrated no way of 
detecting captured DNA apart iron the incorpo 

pro ce dure which is relatively hazardous and inconvenient Finally, the beaded solid 
support of Gingeras flfll is hard to adapt to assays in which multiple targets are probed, 
because the test sample must be exposed to separate containers of beads carrying the 
ij infe iMt p mhe^ taking care not to mix beads with different spe ci ficat io ns. 
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Gamper ej at. "mra- describe a different strategy to accelerate oligomer 
hybridizarion: oliyo hybridization is perfonned in solution rather than on a solid support, 
the hybrid species being simultaneously photochemically trapped, because the target- 
specific oligomer has been chemically modified with a moiety which crosslinks double- 
stranded DNA when irradiated. However, apart from the expense of creating the photo- 
5 adduct labeling reagent, this method stiffen the inconvenience and delay associated with 
ultrafiltration to remove the considerable excess of unrescted probe, followed by gel 
electrophoresis to purify the hvbridizaaon product to the point that it can be identified. This 
procedure would be parriculary inconvenient to adapt to simultaneous probing of multiple 
targets, because of the need to engineer targets to be ete cu u uu oie ika lly resolvable. 
10 The present invention provides a particularly advantageous assay method which 

pei mits the simultaneous nonisoiopic detection of two or more specific nucleic acid 
sequences or control conditions in a single test sample, using a single solid support divided 
into discrete regions to which different oligonucleotide probes have been covalendy 
asached via spacer arms. The method co mp rises: 
15 ( a ) attaching the probes to defined regions of the solid support through 

spacer arms, attached at one end to the probe and at the other end to 
the support; 

(b) reacting the test sample with the probe-bearing solid support under 
conditions promoting hybridization of the probes to any single- 

20 stranded complementary nucleic acid sequences in the test sample; 

(c) washing away any nucleic acid not hybridized to probe; and 

(d) detecting the probe<aptured nucleic acid, preferably 
nonisotopically. 

Because of the permairace of c»valw 
25 cm be separated mtranra their lis* 
reagent ttehvtridiiasta 

nucleic acid sequences in test samples endemand. Qrvalemprc*e attachment and the use 
tf a spacer arm between support and prote 
-hybridization. The use of a dimensionally stable solid support with discrete regions for 
30 different probes gready improves the economics, simplifies the physical format, and 
increases the reiiabih^ of r^bridizati 

simple test sample and all control conditions can be probed simultaneously in a single short 
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incubation and because all probe-target hybrids are exposed to identical incubation, wash, 
and detection conditions. Nonisotopic detection, whether via colored or fluorescent labels 
directly attached to the target nucleic acid or via colored, fluorescent, or enzyme labels 
indirectly attached to the target nucleic acid through a s pe cific binding reaction, is much 
safer and more convenient than detection of radioactive atoms attached to the target nucleic 

5 acid, especially when developing storage-stable detection reagents and assay kits. 

The invention also relates to a novel, stable, assay reagent comprising 
oligonucleotide probes covakntly attached to discrete regions of a solid support via spacer 
arms, which probes have sequences desi gned to hybridize to d ifferen t analyte nucleic acids 
in the test sample or to indicate different (positive or negative) control conditions which test 

10 the validity of the assay conditions. This assay reagent will have significant commercial 
impact, being ideally suited to large-scale, automated, manufacturing p ro c e sses and having 
a long shelf life: The reagent will prove especially useful in situations where the number of 
target sequences exceeds the number of samples tested. In general, the greater the number 
of target sequences and therefore immobilized piubes, the greater the improvement of the 

15 invention over what has gone before. With PCR-amplificd DNA samples, a simple test can 
easily be assayed for over fifty specific sequences on a single solid support The 
nonisotopic detection aspect of the invention is especially well suited to target sequences 
gener ate d by PCR, a process which permits covalent attachment to all target molecules of 
colored or fluorescent dyes and of binding moieties like biotin, of colored or fluorescent 

20 and of binding moieties Hire biotin, digoxin, and specific nucleic acid sequences. The 
methods and reagents of the invention are also suited to detection of isotopically labeled 
nucleic acid, although this mode is not pref erre d 

An important aspect of the invention relates to a specific chemistry for attaching 
oligonucleotide probes to a solid support in a way which is especially suitable to large-scale 

25 manufacture and which permits maximization of probe retention snd hybridization 

efficiency. This chemistry co mpri ses covalent attachment of a pol ynucleoti d e (preferably 
poly-dT) tail to the probe and fixation by the ultraviolet irradiation of the photoreactive 
tailed probe to a solid support bearing primary or secondary amines (cg^a nylon 
.membrane)* However, the invention provides numerous alternative, non-photochemical 

30 ways to attach probe to support, wherein electrophilic reagents are used to couple the probe 
to the spacer and the spacer to the solid support in either reaction order, and wherein the 
spacer can be any of a large variety of organic polymers or long-chain compounds. 
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Another aspect of the invention relates to a DNA sequence detection kit. which kit 
comprises the sable assay reagent, essentially a solid support having oligonucleotide 
probes covalentry bound thereto via a spacer aim. The kit can also include PCR reagents, 
including PCR primers selected for amplification of DNA sequences capable of hybridizing 
with the oligonucleotide probes. 
5 To aid in understanding and describing the invention, the following terms are 

defined below: 

"Allele-specific oligonucleotide" (ASO) refers to a probe that can be used to 
distinguish a given allelic variant from all other allelic variants of a particular allele by 
hybridization under sequence-specific hybridization conditions. 
10 TJNA polymorphism" refers to the condition in which two or more different 

variations of a nucleotide sequence exist in the same interbreeding population. 

"Genetic disease" refers to specific deletions and/or mutations in the genomic DNA 
of an organism that are associated with a disease state and include sickle cell anemia, cystic 
fibrosis, alpha- thalassemia, beta-thai as semia, and the like, 
is "LabeTrefcrs to any atom ormolecule which can be used to provide a detectable 

(preferably quantifiable) signal and which can be attached to a nuckic acid or protein. 
Labels may provide signals detectable by fluorescence, racScecdviry. cdorhnetry. X-ray 
diffraction or absorption, rragiietisrruerizymatk activity, an^ Suitable labels 

include fluorophores, chromophobes, radioactive atoms (particularly 3*P and 123 D. electron- 
dense reagents, enzymes, and ligands having specific binding partners. Enzymes are 
typically detected by their activity. For example, HRPcan be detected by its ability to 
convert diaimrabenzidine (more preferably, however, TMB is used) to a blue pigment, 
quantifiable with a spectrophotometer. It should be uwtosiDod that the above description 
is not meant to categorize the various labels into distiiw classes, aa the same lab^ 
serve in several dtflereminodes. For example, i»I may serve as awfioacrive label or as 
an election-dense reagent. HRP may serve as enzyme or as antigen for an antibody, such 
as a monoclonal antibody (MAb). Further, one may combine various labeb for desired 
effect 1^ example, MAbs and avidin can be labeled and used to the imctte of this 
-invention. (fceTOgmlabdajjrebewimbicK^ 
with 1231 or with an antibiotin MAb labeled with HRP. Alternatively, on e may em ploy a 
labeled MAb to dsDNA (or hybridized RNA) and thus direcdy detect the presence of 
hybridization without labeling the nucleic acids. Other pennutations and possibilities will 
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be readily apparent to those of ordinary skill in the art and are considered within the scope 
of the instant invention. 

"Oligonucleotide" refers to primers, probes, oligomer fragments, oligomer 
controls; and unlabeled blockin g oli gomers and is a molecule comprised of at least two or 
more deoxyribonucleotides or ribonucleotides. An oligonucleotide can also contain 

5 nucleotide analogues, such as phosphorothioates and alkyi phosphorates, and derivatized 
(Le^ labeled) nucleotides. The exact size of an oligonucleotide will depend on many 
factors, which in turn depend on the ultimate function or use of the oligonucleotide. 

"Primer" refers to an oligonucleotide, whether occurring naturally or produced 
synthetically, which is capable of acting as a point of initiation of synthesis when placed 

,0 under conditions in which synthesis of a primer extension product complementary to a 

nucleic acid strand can occur. The primer is preferably an oligodeoxyribonucleonde and is 
single stranded for maximum efficiency in amplification, but may alternatively be double 
stranded. If double stranded, the primer is first treated id separate its strands before being 
used to prepare extension products. The primer must be sufficiently long to prime the 

[5 synthesis of extension products in the presence of the polymerase, but the exact length of a 
primer wiU depend on many factors. For example, for diagnostics applications, the 
oligonuriff tt kte priiw typically enntaing 15 to 75 nnfilftoridftt. Short primer mo le cu l e s 
generally require cooler temperatures to form sufficiently stable hybrid complexes with 
tw nplme. Suitable primers for amplification are pi c par ed by means known to those of 

20 ordinary skill in the art, for example by cloning and restriction of appropriate seque n ces, 

direct chemical synthesis, and purchase from a commercial supplier. Che mical methods for 
primer synthesis include: the phosphotriester method described in Narang fl aL, 1979, 
Meth. EnzvmoL 68:90 and US. Patent No. 435&27Q: the phosphodiester method 
disclosed in Brown fill* 1979. Merii EnzvmoL 68:109: the dietfavtohosphoranriditB 

23 method disclosed in BeaucagectdU 1981, Tetrahedron Lflt 2&1859-1862; and the solid 
support method disclosed in U.S. Patent No. 4,458,066. The primers may also be 
labeled^ if deaned* 

"Restriction fragment length polymorphism" (RFLP) refers to a DNA 
polynwi pMy" » ■ itenricrinn enrym* tfengnhinn rile. Hie restriction enzyme specific for 

30 the polymorphic site can be used to digest sample DNA, and when the digested DNA is 

fractionated by elecu oph crests and, if necessary, treated for vmaHrarion, different samples 
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produce different restriction endonuc lease patterns, depending on the particular 
polymorphic sequence present in the sample. 

"Sequence-specific hybridization" refers to stria hybridization conditions in which 
exact complementarity between probe and sample target s eq ue n c e is required for 
hybridization to occur. Such conditions are readily discernible by those of ordinary skill in 

5 the an and depend upon the length and base corxiposition of the probe. In general, one may 
vary the temperature, pH, ionic strength, and concentration of chaotropic agent(s) in the 
hybridization solution to obtain conditions under which substantially no probes will 
hybridize in the absence of an "exact match." Fct hybridization of probes to bound DNA, 
the empirical formula for estimating optimum temperature under standard conditions (0.9 M 

0 Nad) is: T(*Q - 4 (No + Nc) ♦ 2(Na + Nt) - 5°C where No, No 1*1% »od Na are the 
numbers of G. C A, and T bases in the probe (J. Meinkoth flal, 1984, Analvt 
Binchem. 138-.267-284). Those of skill in the art recognize, however, that this calculation 
only gives an approximate value for optimum temperature, which should then be 
ernpirically tested to obtain the true optimum ternperarure. The probe utilized in a sequence- 

3 specific hybridization is called a "sequence-specific ofag otiu clcoridr" (SSO). which can also 
be an allele-specific oligonucleotide (ASO). Those of skill in the an recognize that for a 
single mismatch between probe and target to be de stabilizin g, the hybridizing region of the 
probe must be relatively short, generally no longer than about 23 bases, and usually about 
17 to 23 bases in length. 

0 "Specific binding panner" refers to a protein capable of binding a ligand molecule 

with high specificity, as for example in the case of an anrigen and an antibody or MAb 
specific therefor. Other specific binding partners include biotin and avidin, streptavidin, or 
an anti-biotin antibody; IgG and protein A; and the numerous receptor-ligand couples 
known in the art. 

3 To aid in understanding the invention, several Figures accompany the description of 

the invention. These Rgures are briefly described below. 

Figure 1 depicts a plot of probe binding as a fuwaiccofUV exposure. 
Figure 2 depicts a plot of hybridization efiMericyM a function cilJVexposu^ 
Figure 3 depicts a series of dot blots demonstrating the presence of either normal 
10 beta-globin or sickle cell beta-globin, obtained by sandwich assay. 

Figure 4 depicts a series of dot blots denxmstrating the presence of either normal 
beta-globin or sickle cell beta-globin, obtained by direct assay. 
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Figure 5 depicts a series of doc blots demonstrating HLA DQalpba genotyping. 
Rgure 6 depicts a series of dot blots demonstrating betarthalassenria typing. 
The present invention provides a method for detecting the presence of a specific 
nucleotide sequence in a sample by contacting the sample with immobilized oligonucleotide 
probes under conditions that allow for hybridization of complementary nucleic acid 
5 sequences. In one embodiment of the method, the test sample is contacted with a solid 

support upon which are immobilized probes specific for one or more target sequences (the 
"analyte"), probes for a positive control sequence that should be present in all test samples, 
and optionally probes for a negative control sequence that should not be present in any test 
sample — each different probe is immobilized at a distinct region on the solid support. If an 

10 analytical signal is detected in the negative control region or if no analytical signal is 

detected in the positive control region, then the validity of the response in the analyte region 
is suspect* and the sample should be retested. In another preferred embodiment, a number - 
of different analyte-sperific probes are covalently attached to distinct regions of a solid 
support so that one can test for allelic variants of a given genetic locus in a single 

15 hybridization reaction. In still another preferred embodiment, the various analyte-specific 
probes are complementary to nucleotide sequences present in various microorganisms. 

Th» nnmnhiliTiM pmhMt am aim *n tmpcranr aspect of the invention. The probes 
compose two pans: a hybridizing region composed of a nucleotide sequence of about 10 to 
50 nucleotides (nt) and a spacer arm, at least as long as the hybridizing region, which is 

20 covalently attached to the solid support and which acts as a "spacer", allowing the 

hybridizing region of the probe to move away from the solid support, thereby improving 
the hybridization efficiency of the probe. In a preferred embodiment, the spacer arm is a * 
sequence of nucleotides, called the "tail", that serves to anchor the probes to the solid 
support via covalem bonds between nucleotides widtin the tail of the probe and reactive 

25 groups within the solid support matrix. 

As described more ftilly beiow, the immobilized im>bes of the invention avoid 
problems inherent in prior art detection methods with immobilized probes. These problems 
include a lack of sensitivity, for many prior art methods fbr immobilizing probes actually 
result in the hybridizing region of the probe becoming attached to the solid su^Kot and thus 

30 less free to hybridize to complementary s eque nc es in the sample. In addition, the prior an 
methods far synthesizing and attaching the spacer to the probe and to the solid support are 
CfmplfrflTfri, TTTnft"fflmmn ifl g i ff w pfVP v % «ftg« involve tha me of trade reagents. In 
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marked contrast, a preferred method of the invention for synthesizing and immobilizing 
probes is quickly completed with readily available, relatively nontoxic reagents, and with 
practically no chemical manipulations. The polynucleotide tails of the invention are 
composed of nucleotides that are attached to the hybridizing region with an enzyme or with 
the aid of commercially available nucleic acid synthesizers. The tails of the invention are 
attached to the solid support by a similarly problem-free method: exposure to ultraviolet 

(UV)light . 

Those of skfll in the art recognize that nucleic acid bybrkfii*^ serves as the basis 
for a number of important techniques in the m edir ri di agn oses and forensics industries. 
In addition, nucleic acid hybridization serves as an important tool in the laboratories where 
scientific advances in many diverse fields occur. The present invention represents an 
important step mrmkingnuc^^^ 

As noted above. PCR has played an important role in these sai« industries and 
laboratories, and the present invention will often be practiced on samples in whkh the 
nucleic acid has been amplified by PCR. Various useful embanments of the present 
invention are described below, but the full scope of the invention can only be realized when 
understood and utilized by the various and dvenepracutieratf Mdefc 

diagnostics. 

One very important use of the present invention relates to the detection and 
characterization of specific nucleic acid sequences associated with infectious diseases, 
genetic disorders, and cellular disorders, including cancer. In these embodiments of the 
invention, amplification of die target sequence is again useful, especially when the amount 
of nucleic acid available for analysis is very small, as, for example, in the prenatal 
diagnosis of sickle cell anemia using DNA obtained from fetal cells. Amplification is 
particularly useful if sucb ananalysisisiDbedcwonasmausanip^ 
detection techniques which may be inherently msensitive.« 
are being employed but where rapid detection is desirable, 

The inmx)cnlized probes provided by 
detectmgirdectk^ diseases and ^ also are useful in detecting 

DNA pdvn»rphisrns not necessarily associated with a pathological state. The term 
foreiisic is n»stoto used in a context pena^ Indivlduai 
identification on the basis of DNA type is playing an ever more important role tn the law. 
For example. DNA typing can be used in the identification of biological fathers and so 



WO 89/11548 



PCTAJS89/02170 



16 

serves as an important tool for paternity testing. DNA typing can also be used to match 
biological evidence left at the scene of a crime with biological samples obtained ton an 
indiv id 11 * 1 ^i5p» r * p ** flf «rnnimn g tha crime In a similar fashion, DNA typing can be 
used to identify biological remains, whether those remains are a result of a crime or some 
non-criminal activity. The practice of forensic medicine now routinely involves the use of 
DNA probes, in protocols that can be made more efficient by employing the present 
invention. 

To achieve the important and diverse benefits of the prese nt invention, one must 
first synthesize the probes to be mmK>hfliTed on a solid support The probe sequence can 
be synthesized in the same manner as any oligonucleotide, and a variety of suitable 
synthetic methods were noted above in the discussion of The hybridizing 

region of the probes of the invention is typically about 10 to 50 nt in length, and more often 
17 to 23 nt in length, but the exact length of die hybridizing region will of course depend 
on the purpose for which the probe is used. Often, for reasons apparent to those of skill in 
the ait, the hybridizing region of the probe will be designed to possess exact 
complementarity with the target sequence to be d etect ed, but once again, the degree of 
complementarity between probe and target is somewhat tangential to the present invention. 
The probes of the invention are, however, preferably "tailed- with an oligonucleotide 
sequence that plays a critical role in obtaining the benefits provided by the present 
invention. 

This tail of the probes of the invention consists of ribon ucle o tide s or 
deoxyribonucleotides (e.g^ dT, dC dG, and dA). The nucleotides of the tail can be 
attached to the hybridizing region of the probe with tenninal deaxynodeotidyi transferase 
CTdT) by standard methods. In addition, the entire tailed probe can be synthesized by 
chemical methods, mem oxiv^ 
synthesizer. One can also synthesize the taib and hybrid 
combine the two components. For instance, a preparation of tails can be prepared {and 
even attached to a solid support, such as a bead) and then anached to a preparation of 
hybridizing regions. 

When using a DNA synthesizer to make the tailed probes of the invention, one 
should take steps to avoid making a significant percentage of mo lec ules that, due to a 
premature chain teiminaiion event, do not contain a hyfaritfizing region. One such step 
involves synthesizing the hybridizing region of the probe fint creating a tailed probe with 
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the hybridizing region at the 3' end of the molecule. Because the likelihood of a premature 
chain termination event increases with the length of the molecule, this step increases the 
likelihood that if a chain termination event occurs, the o ccui i ta c e merely results in a shorter 
taiL However, because most premature chain termination events are a result of a failure to 
"de-block" during synthesis, and because the exact number of residues in the tail of a probe 
S of the invention is not critical, one may also merely omit the blocking and de-blocking steps 
during automated synthesis of the tail region of the probe. If these steps are omitted 
(during tail synthesis only), the tail can be placed on either the S or 3 f end of the probe 
with equal efficiency and satisfactory results. 

As noted above, the preferred spacer arms of the probes of the invention are 

10 comprised of nucleotide tails. Because the tails serve to attach the probe to the solid 

support, the relative efficiency with which a given oligonucleotide will react with a solid 
support is important in choosing the sequence to serve as the tail in the probes of the 
invention. Most often, the tail will be a homopolymer, and Figure 1, below, depicts the 
relative efficiencies with which synthetic oligonucleotides with varying length 

15 homopolymer tails were covalendy bound to a nylon filter as a function of UV exposure. 

As shown in the figure, oligonucleotides with longer poly-dT tails were more readily fixed 
to the membrane, and all poly-dT tailed oligonucleotides attained their maximum values by 
240 mJ/fcm2 of irradiation at 254 nm. In contrast, the poly-dC (400 nt in length) tail 
required more irradiation to crosslink to the membrane and was not comparable to the 

20 equivalent poly-dT tail even after 600 mJ/cm* exposure. Untailed oligonucleotides were 
retained by the filter in a manner roughly parallel to that of the poly-dC-tailed probes. 

Thus, the probes of the invention preferably comprise a poly-dT tail of greater than 
10 thymidine (T) residues. Usually, the tail will comprise at least 100 T residues, and most 
preferably, the tail will comprise at least 400 <TT nucleotides. As the poly-dT tail functions 

25 primarily to bind the probe to the solid support, the exact number of dT nucleotides is not 
critical as noted above. Although those of skill in the an will readily recognize the fact, it 
should be noted that the composition of the tail need not be homogeneous, Lc a mixture 
of nucleotides may be used Preferably, however, the tail will include a significant number 
^thymine bases, as T reacts most readily with the solid support by the preferred methods 

30 far making the immobilized probes of ^ which methods are discussed more 

fully below. If one desires to utilize the probes in sequence-specific hybridizations, one 
must be aware of the problem caused by creation of a random sequence in the 
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heterogeneous tail that closely resembles the hybridizing region of a probe- If a 
heterogeneous tail is employed, it is still desirable to maintain a distribution of 1 50 
pyrixmdine residues per tail, if the probes are to be fixed to a solid support by UV 
irradiation* 

The tail should always be larger than the hybridizing region, and the greater the 
5 disparity in size between the hybridizing region and the tail (so long as the tail is larger), the 
more likely it is that the tail, rather than the hyteidizingregkm, win react with the 
a preferred condition. Larger tails thus increase the likelihood that only the tail will 
participate in reacting with and thereby binding to the solid support Because the tail also 
functions as a "spacer/ enabling the complementary sequence to diffuse away from the 

10 solid support where it may hybridize more easily, free of steric interactions, larger tails are 
doubly preferred. Excessively extended tails, however, are u n e conomi cal, and, if carried 
to an extreme, excessive tailing could have adverse effects. 

A picfcri c d method of synthesizing a probe of the invention is as follows. The 
probe is synthesized on a DNA synthesizer (the Model 8700, nmrirrtrd by Biosearch, is 

15 suitable for this purpose) with beta-cyanoethyi N, N-diisopropyl phosphoramidite 
nucleosides (available from American Bionetics) using the protocols provided by the 
manufacturer. If desired, however, only the hybridizing region of the probe is synthesized 
on the instrument, and then 200 pmol of the probe are tailed in 100 til of reaction buffer at 
pH * 7.6 and containing 100 mM cacodylate; 25 mMTris-base, 1 mM CoCh. and 0.2 mM 

20 didriothrcitol with 5 to 1 60 nmol deoxyribonudeotide triphosphate (dTIF) and 60 units (50 
pmol) of terminal deoxyribonudeotidyi transferase (available from RadifFBiochemicals) 
for 60 minutes at 37 degrees C (see Roydhoudhury fiaU 1980, Msttl* E0Z» ££43-62, for 
buffer preparation). Reactions are conveniendy stopped by the addition of 100 |il of 10 mM 
EDTA. The lengths of tails can be controlled by limiting the amount of dTIP (or other 

25 nucleotide) present in the reaction mixture. For example, a nominal tail length of 400 dT 
residues is obtained by using 80 nmol of tfTIP in the protocol described above 

Once the tailed probe of the invention is synthesized, the probe is then attached to a 
solid support Suitable solid supports for purposes of the present invention will con tain (or 
can be treated to contain) free reactive primary or secondary amino groups capable of 

30 binding a UV-acovated pyrimidine, especially thymine. Secondary amino groups may be 
preferred for purposes of the present invention. There are many ways to assure that a 
solid support (not necessarily nylon) has free, panicuiariy secondary, amino groups. 
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Amine-bearing solid supports suitable for purposes of the present invention include 
polyethylenimine (chemisorbed to any solid, such as cellulose or silica with or without 
glutaraldehyde crosslinking) and silica or alumina or glass silanized with amine-bearing 
reagents such as PCR Inc's ProsilTM 220, 221, 3128, and 3202 reagents. Manville sells 
controlled porosity glass papers (BiomaflM) appropriate for aminoalkyl silani ration. One 

5 may alkylate immobilized primary amines (eg* with a methyl haiide or with formaldehyde 
plus cyanoborohydride, (as described by Jentoff a al* 1979, 1 flirt, Qm 254:4359- 
4365). As noted above, one may use a solid support to which polyethylenimine has been 
chemisorbed Polyvinyl chloride sheets containing PEMoaded silica are commercially 
available (manufactured by Amerace and sold by ICN as Protrans™ and by Polysciences 

0 as Fbly/SepTM), and PEI loading of cellulose is well known. 

The solid support, also called a substrate, can be provided in a variety of forms, 
including membranes, rods, tubes, wells, dipsticks, beads, EUSA-format plates, and the 
like. A piefen e d support material is nylon, which contains reactive primary amino groups' 
and will react with pyrimidines irradiated with UV light Preferred solid supports include 

5 charge modified nylons, such as the Genetrans-45TM membrane marketed by Plasco and 
the ZetaProbeTO membrane marketed by Bio-Rad. 

Having chosen a suitable solid support, one makes the preferred immobilized 
probes of the invention by reacting a tailed oligonucleotide probe with the solid support 
under conditions that favor covalent attachment of the tail to the solid support Ina 

0 pref erre d embodiment, the solid support is a membrane, and probe binding results from 
exposure of the probe on the membrane to UV irradiation, which activates the nucleotides 
in the tail, and the activated nucleotides react with free amino groups within the membrane. 
Careful demawfoft of tailed probes of the invention spotted onto a suitable solid support 
can also be used to facilitate covalent attachment of the probes to the substrate. One can 

5 assay for the p rese nc e or absence in a solid support matrix of reactive groups capable of 
reacting with oligonucleotides by the jrocedure described in Example 1. 

As is apparent from the foregoing, a piefened method for preparing the 
immobilized probes of the invention comprises fixing an oligonucleotide probe with a poly- 
-dTtail to a nylon membrane by UV irradiation. Although poly dT tails react very 

0 efficiently to sobd supports by the methods of the present invention, efficiency of reaction 
of oligonucleotides with a membrane does not necessarily correlate with hybridization 
efficiency. One may therefore wish to determine the hybridization efficiency of a given 
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oligonucleotide probe after immobilization on a solid support. When the hybridization of 
various tailed probes is measured as a function of UV dosage, as shown in Figure 2, one 
observes that the o pt i mum exposure changes with length of a poly-dT taiL Optimal 
exposures are about 20 mJ/cm* for 800 nc poly-dT tails and about 40 mJ/cm? for 400 nt 
poly-dT tails. 

5 At 60 mJ/cm2 exposure, one observes that oligonucleotides with longer tails 

hybridize more efficiently than can be accounted for by the additional amounts of probe 
reacted with and bound to the filter. This increased efficiency is believed to be due to a 
spacing effect, increasing the distance between the membrane and the hybridizing region of 
the immobilized probe may increase hybridization efficiency of the probe. Thus, too much 

10 UV exposure during immobilization can not only damage the nucleotides in the probe but 
also can reduce the average spacer length and decrease hybridization efficiency. It is 
important to no te that because dC nils react less efficiently (as compared to dT tails) with a 
membrane, hybridization efficiency of a poly-dC tailed probe reaches a plateau where loss 
due to UV damage and tail shortening is compensated for by the fixing of new molecules 

15 to the membrane (see Figures 1 and 2). Thischaracteristicofpoiy-<£ tails may make such - 
tails preferred when UV exposure cannot be carefully controlled 

No matter what the base content of the tail of the probe, one may anrnmat^ the 
attachment of probe to support in accordance with the method of the present invention. 
One senn*automated means of attachment preferred for positive charge nylon membranes is 

20 as follows. A commercially available "dot-blot" appa r atus can be readily modified to fit 
into a Peritin-EImer/Cetus PnVPette* automated pipetting station; the membrane is then 
placed on top of the dot-bloc apparatus and vacuum applied. The membrane dimples under 
the vacuum so that a small volume (S to 20 pi) of probe applied forms a consistent dot with 
edges defined by the diameter of the dimple. No disassembly of the apparatus is required 

25 to place and replace the membrane -te vacuum ma 
axe applied* spotted with probe* and removed. 

Once the probes are spotted onto the membrane, the spotted membrane is treated to 
immobilize the probes* A preferred meth od for covalendy attaching the probes to a nylon 
membrane is as follows. Tailed oligonucleotides in TE buffer (10 mM Tris-Hd pH « 

30 8.0, and 0.1 mM EDTA) are applied to a Genecans-45 m (Haseo) membrane with a 

BioDot™ (Bio-Rad) spotting manifold. The damp membranes, also called "filters," are 
then placed on paper pads soaked with TE buffer; the pads and filters are then placed in a 
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UV light box (the Strataiinker 1800™ light box marketed by Stratagene is suitable for this 
purpose) and irradiated at 254 run under cot trolled exposu re levels. UV dosage can be 
controlled by time of expos u re to a particular UV light source or, more preferably, by 
measuring the radiant UV energy with a metering unit. Exposure time typically ranges 
from about 0.1 to 10 minutes, most often about 2 to 3 minutes. The support is preferably 
5 damp during irradiation, but if the support is dried first, a shorter UV irradiation exposure 
can be used The irradiated filters are washed in a large volume of a solution composed of 
5X SSPE ( IX SSPE is 1 80 mM Nad, 10 mM NaH 2 P04* and 1 mM EDTA, pH « 7.2) 
and 0J% sodium dodecyl sulfate (SDS) for about one-half hour at 55 degrees C to remove 
unreacted oligonucleotides. Filters can then be rinsed in water, air dried, and stored at 

10 room temperature until needed. 

UV irradiation of nucleotides is known to cause pyrimidine photochemical 
dimerization, which, for purposes of the present invention, is not preferred. A number of 
steps can be taken to reduce dimerization during UV irradiation, including; applying the 
oligonucleotide probe to the membrane at a high pH, above 9 and pref erably above 10; 

15 applying the probe to the membrane at a very low ionic strength, between 0 and 0.01; using 
the lowest probe concentration that gives the desired signal intensity; and irradiating with 
light excluding wavelengths longer than 250 nm, preferably with no light with a 
wavelength longer than 240 nm. However, the extent to which these steps could impair 
probe immobiliziation has not been tested In general, spotting and attachment of the probe 

20 to the mem b ra ne should be done at a temperature and in a solvent that minimi nts base- 
pairing and base-stacking in the probes. 

After constructing the novel immobilized probes of the invention, one is ready to 
employ those probes in the useful nucleic acid sequence detection methods of the invention. 
In a preferred embodiment of this method, a sample suspected of containing a target nucleic 

25 add sequence is treated under conditions suitabk far amplifying the target seq^ 

PGR. Note that the process of "asymmetric 1 * PGR, described by Gyllensten and Eriich, 
1988, Proc NatL Acad- Ssi USA 83:7652-7656, for generation of single stranded DNA 
can also be used to amplify the sample nucleic acid. The PCR primers are biotinylated, for 
subsequent detection of hybridized primercontaimng sequences. The amplification 

30 reaction mixture is denatured, unless asytrmwric PCR was used to amplify, and t^ 

applied so a membrane of the present invention under conditions suitable far hybridization 
to occur (mott often, sequence-specific hybridizationX Hybridized probe is detected by 
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binding streptavidin-horseradish peroxidase (SA-HRP, available from a wide variety of 
chemical vendors) to the biotinyiated DNA, followed by a simple colorimenic reaction in 
which a substrate such as TMB is employed. One can then determine whether a certain 
sequence is present in the sample merely by looking for the appearance of colored dots on 

fa m ^p^tally pmfarn^ fTptyvflmgn* nf thft above method, a filter with 

wfimnhtii^H oligonucleotides is placed in hybridization solution containing 5X SSFE, 
0.5% SDS,and lOOng/ml SA-HRP (as marketed under the SeeQuenceTO by Cetus and 
Eastman Kodak). PCR-amplified sample DNA is denatured by heat or by addition of 
NaOH and EDTA and added immediately to the hybridization solution, which contains 
enough SSPE to neutralize any NaOH present The sample is then incubated at a suitable 
temperature for hybridization to occur (typically, as exemplified below, at 55 degrees C for 
30 minutes). During this incubation, hy bridi7atio n of product to mnnohiH nxi 
oligonucleotide occurs as well as binding of SA-HRP to biotinyiated product The filters 
are briefly rinsed in 2X S SPE and 0. 1 % SDS at room temperature, then washed in the 
same solution at 55*degrees C for 10 minutes, then quickly rinsed twice in 2X PBS (IX 
PBS is 137 mM Nad 2.7 mM KO. 1 J mM KHiP04, and 8 mM NaiHPO* pH - 7 .4) 
at room temperature. Color development is perfbnned by incubating the filters in red leuco 
dye or TMB at room temperature for 5 to 10 minutes. Ph o togr ap hs are taken of the Altera 
after color development for permanent records 

Although the detection method described abow kprcfdred, those of skfflm the art 
rrrogmiE That the tmmnh iH«ri probes of the invention can be utilized in a variety of 
detection formats. One such format involves labeling the immobilized probe itsefc 
of the sample nucleic acid. Iftteprobeislabdedatorneartheendofthehybridizm 
secjuence (far from die site of attachment of the probe to the solid supportX one can treat the 
pocenliaUy hybridized sample DNA wim an ap 

clCTVCT Wily ftnT^** ""d* " ■ wqnenee present in the ny hrkflinw region of the 

probe, so that resaMoa ideaset the laM 

of hybridization. Saitabte labels inctade peroxidase enzymes, acid pho s ph atase, 
-radioactive atoms or molecules (e.g., HP, ^ etc), floorophorea, dyes, biotin, ligands 
for which specific monclonal anntxxiies are available, and the like. If the primer or one or 
more of the dNTPs utilized in a PCR anjplificarion has been labeled (for instance, the 
biotinyiated dUTP derivatives described by Lo fi*U 1988, I^BC Acids Rei. 1&8719), 
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instead of the immobilized probe, then, as noted above, hybridization can be detected by 
assay far presence of label bound to the membrane. 

The immobilized probes of the invention can also be used in detection formats in 
which neither probe nor primer is labeled. In such a format, Ir/bridizaiion can be detected 
using a labeled "second probe." The second probe is complementary to a sequence 
occurring within the target DNA, but not overlapping the bound probe sequence; after 
hybridization of the second probe, the irrnnoNH ml probe, second probe, and target 
sequence form a nucleic acid "sandwich," the presence of which is indicated by the 
presence of the label of *e second probe on the membrane. One could also employ 
monoclonal antibodies (or other DNA binding proteins) capable of binding specifically to 
duplex nucleic acids (e.g., dsDNA) in a detection format that uses no labeled nucleic acids. 
Those of skill in the an will recognize that one impommt advantage of the rnim o hil iwri 
probes of the invention is the ability, at least with most detection formats, to recycle the 
support-bound probe by denaturing the hybridized complex, eluting the sample DNA, and - 
treating the support (for example, by washing, bleaching, etc) to remove any remaining 
traces of extraneous DNA, label, developer solution, and mmobuTzed dye (see U.S. Patent 
No. 4,789,630 and PCX application No. 88/0287, iijcotporited herein by reference). 

Those of skill in the an will recognize the many and diverse uses for the 
imrnobiHzed probes of the present invention. Chieexcmng allocation of these innoobilized 
probes is m conjunction wi* the technic 

sequences ("multiplex" PCR). Such simultaneous amplification can be used to type at 
many different loci with a single membrane. Fbrinstance, one can type for the 
polymorphic ffifldm site in the Ogamma gene (see Jeffreys, 1979, Cdll&MO). the 
pdymorphic AyjTJ site in the low density lipoprotein receptor gene (see Hbbbs si aU 
1987. Mufr Aflda Res. i5.:379), and for pdymorphisms in the HLA DQalpha gene 
simultaneously by amplify 

material m a suitabfc set of inmiob^ Other genetic 

targets wl»se aiudysis waikl be ainplifl^ 

somatic mutations in the m genes, whera six lodardWpossi^ 

Verlaan-de Vries fl aU 1986. QsDfi JQ:31 3-320* the typing of DNA polymorphisms at the 

HLA DP locus; the detection of bea-thalassemia in Middle Eastern populations, where in 

addition to the endogenous mutations, Mediterranean and Asian t nrtii n mutations are 
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present at significant frequencies; the detection of infectious pathogens; and the detection of 
miui uuiganisms in environmental surveys. 

In many of these applications, it will be desirable to obtain a membrane on wh ich 
are immobilized a diverse set of oligonucleotide ^p^' fig ft** rfiftfcnwit fqir^^l f tg+ 
nevenheless can hybridize under the same sequence-specific hybridization conditions. I f 
5 necessary, this situation can be achieved by adjusting the length, position, and strand- 
specificity of the probes, or by varying the amount of probe applied to the membrane, or by 
adding a salt, such as tetramethyiammomum chloride, to the hybridization buffer to 
minimi dilTcicuccs among immobilized oliy ntucioorfdes caused by varying base 
compositions (see Wood fl Al. 1983, £xS£> Aod- So* mA 22? 1385-1588). 
10 The examples bdow illustrate various useful embodiments of the invention and 

enable the skilled artisan to appreciate the invention more fully and so should not be 
construed as limiting the scope of the invention in any way. 

Example 1 

15 Probe Rtfttnriqn PyhrMirariftn ^^f/fff 

The stable binding of poiy-dT-tailed probe sequences to nylon as a function of tail 
length and UV e xp o su re was examined as des cribed below. A 19-base oligonucleotide 
(RS18: 5 V -CTCCTGAGGAGAAGTCTGQ was labeled at its 5* end with gamma 32R. 
ATP and T4 polynucleotide kinase (see Saiki flflk 1986, Hum 22$ 163-166). Portions 

20 of the kinased probe were then tailed with dTTP and terminal transferase (TdT), as 

described by Roydhoudhury flat RS18 was present at a concentration <rf 2jiM,TdT 
(RathfFBiochemicals, Los Alamos, NM) at 600 UAnL and either 
jiM, 30 jiM, 1 00 tiM, 200 jiM, 400 jiM, or 800 jiM to prepare ensopcts with either dC 
or (tftaib of approximately 0,25, 50, 100, 200, 400 or 800 dT bases or 400 dC bases per 

25 molecule. Reaction mixmics were incubated for 60 Tninntffs at 37°C and were tmninaTrri 
by addition of an equal volume of 10 mM EDTA. 

Four pmol of each sample diluted in 100 ^lofTE buffer were spotted onto nine 
duplicate filters (Oenetrans-45 nylon, Plasco, Woburn, Mass.), UV irradiated far various 
limes, washed to remove unbound oligonucleotides, and then each spot was measured by 

30 scintillation counting to determine the amount of probe crosslinked to the nylon membrane. 
The values plotted in Figure 1 arc relative to an unirradiated, unwashed 
retention). UV irradiation was accomplished by placing the filters in a Stratalinker 1800" 
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UV light box and irradiating the filters at 234 nan. Dosage was controlled using the internal 
metering unit of the device. The filters were then washed in 5X SSPE, 0J% SDS for 30 
minutes at 55°C to remove DNA not sably bound. Trie results plotted in Figure 1 show 
that even the non-tailed probe was retained by the membrane, but thai retention of the 
untailed probe was not gready improved by UV irradiation. The 400-dT tailed probe 
5 exhibited >9Q% retention after suitable exposure. 

However, high retention does not necessarily coxxelaiB with high hybridization 
efficiency. Thus, hybridization efficiency was measured as follows. Probes were 
prepared with pory-dT tails as above, but with unlabeled RS1S. The probes were spotted 
onto filters and UY irradiated, and excess probe was washed from the membrane by 
10 incubating the membrane in 5X SSPE, 0J% SDS, for 30 minutes at 55°C The 

membranes were then hybridized with 5 pmol of conmlernenary 32P-Idnase labeled 40-mer 
(RS24: 5-CCCACAGGGCAGTAACGGCAGAC1 ' 1 (J 1 CC T CAGGAGTCAG, specific 
activity of 1 J uCVpmol) in a solution (10 ml) cmtairdng 5X SSPE and 0.5% SDS, at 55°C 
for 20 minutes, which are sequence- specific hybridization co n d it i ons . The membrane was 
15 then washed fimwim2XSSPE.0.1%SDSOx 100rnl)for2nrunitesataboM 

men in 2X SSPE, 0.1% SDS at 53°C far 5 minutes. The individual spots were excised, 
counted, and the counts plotted against UV exposure, as shown in Figure 2. The values 
plotted are fmol RS24 hybridized to the mernbrane. Theresultsshow that none of the non- 
tailed probe was able to hybridize under the conditions used, even though as much as 50% 
of the applied RS18 should be bound to the membrane. All of the tailed probes were able 
to hybridize, with hybridization efficiency increasing with increasing tail length. Optimal 
UV exposures were from about 60 to 120 rnJ/cm*. 

Example 2 

23 <t an *»irh A«av frr SiAte./VIl Anemia 

Two alkle-specific probes were prepared, one for the normal beta-globin allele, 
called RSI &, and one for the sickle-cell allele, RS21 (5 , CrCCTGTGGAGAAGTCTGC); 
each probe had a 400 mpoly-dTtaiL If desired, a prcbe f« Ae henic^loWn C aUele (an be 
prepared with the sequence: 5'CTCCrAAGGAGAAGTCTGG Eight replicate filters 

30 were prepared and spotted with 4. 2, l,awi0Jpn»lof each tailedprobe using the method 
set forth in Example 1 , and then UV irradiated by placing the filters. DNA-side down, 
mrectiy onto a TM-36 TransUluininator UV fight box (U.V. Products, San Gabriel, CA) 
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for 5 minutes. Four 1 |ig samples of genomic DNA (from ceil lines Molt4 (betaAbetaA), 
SC-i (betaSbetaS), M + S (betaAbetaS), and GM2064 (betaAbetaA), a beta-globin deletion 
mutant) were subjected to 30 PCR amplification cycles with the primer pair PC03 
(5ACACAACIGTGTTCACTAGQ and KM38 (5' 1GG1 CIUJIT A AACCI U 1 LT1 U ). 
PCR was carried our in substantial accordance with the procedure described by 
5 Sa3riaaL« 1988, Science 239: 1350-1354. The DNA samples were amplified in 100 nl of 
reaction buffer containin g 50 mM KO, 10 mM THs-HCI (pH • 8.4), UmMMgCk 100 
jig/ml gelatin, 200 jiM each of dATP, dd? f dGTP, and dTTP 9 &2 jiM of each primer, 
and US units of Taq DNA polymerase (Ferkin-EImetfCetus Instruments). The cycling 
reaction was performed on a programmable heat block, the DNA Thermal Cycler, available 
10 from PECL set to heat at 95 degrees C for 1 5 seconds (denature), cool at 55 degrees C for 
1 5 seconds (anneal)* and incubate at 72 degrees C for 30 seconds (extend) using the Step- 
Cycle program. After 30 cycles, the samples were incubated an additional 5 minutes at 72 
degrees C. 

Each amplification product (18|il) was denatured by heating at 95°C for 5 minutes 

15 in 1 ml of IE, and then quenched on ice. A solution (4 ml) of &25XSSPE, &25X 
Denhardt's, and 0.625% SDS was mixed with 1 ml of each denatured PCR product, 
hybridized to one of the filters for 15 minutes at 55°C washed with 2X SSFE, 0.1% SDS 
(3 X 100 ml) for 2 minutes at about 25°C and then washed with 2X SSFE, 0. 1 % SDS ( 1 
x 100 ml) for 5 minutes at 55°C 

20 The membranes were then equilibrated in 2X SSFE, 0.1% (v/v) Ititon X-100 (100 

ml) for 3 minutes at about 25°C to remov e SDS. All of the filters were then hybridized in 
the same buffer with a horseradish peroxidase (HRF) labeled 1 5-mer, RSI 11 (5*- 
GCAGGTTGGTATCAA), specific for the PC03/KM38 amplification product, pr ep ared by 
the method disclosed in PCT publications WO 89AE931 and 89/02932, incorporated hercia 

25 by reference. 

These methods essentially involve derivatizing the nucleic acid probe using alin^ 
linking molecule comprising a hydrophilic polymer chain (e.g^ polyoxyethyiene) having a 
phosphoramidite moiety at one end and a piotected sulfhydtyt moiety at the other end. The 
-phosphoranridite moiety couples to the nucleic acid probe by reactions well known in the 

30 art(cg^ Bcaocageflal, 1981, JanahfiinHlI^t 2!fcl859-1862), while the deprotected 
sulfhydryi group can form disulfide or other covalent bonds with a protein, e. g^ HRF. 
The HRP is conjugated to the linking molecule through an N-malemrido^anrinocaproyl 
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group. The label is prepared by esterifying N-makiraido^ainincxaproic acid with sodium 
4-hydroxy-3-niBobenzene sulfonate in the presence of one equivalent of 
dicylcohexylcaTbodiimide in dimemylfonnarnide. Ate purification, the product is added 
to phosphate buffer containing HRPata weight ratio of 8:1 HRPto ester. The 
oligonucleotide probe is synthesized in a DNA synthesizer, and the linking molecule having 
the structure (C^s^CSKCHtCHjOVPCCHjCHjCN) [N(i-Pr)j] is attached using 
phosphoramidite synthesis conditions. The triryl group is removed, and the HRP 
derivative and probe derivative are mixed together and allowed to react to form the labeled 
probe. A bioun-labeled probe may be prepared by similar methods. 

The membrane was incubated with4 pmol RSI 11 in a solution (8 ml) composed of 
5X SSPE, 5 x Denhantf s, and 05* Triton X-100 for 10 minutes at 40°G Following 
incubatioo, the membrane was washed with 2X SSPE. 0.1% Triton X-100 (3 x 100 ml) 

for 2 minutes at about 25°G 

The reaction was followed by color development (Sheldon aaL 1986. tofc MaiL" 
Acad. Sfil USA 83:9083-9089) with TMB/HjOj, as shown in Figure 3. The membranes 
were soaked in 100 ml of color development buffer B (CDB-B: 237 mMNa0.2.7mM 
KC1, 1.5 mM KH 2 P04, 8.0 mM Na 2 HP0 4 . pH 7.4, 5% (v/v) Triton X-100. 1 M urea, 
and 1% dextran sulfate). foUowed by washes with 2 x lOOmlofCDB-C (100 mM sodium 
atrate,pH5.(J)fcT2rranutesatro OT ternp OT n 1 re. Color was developed by replacing the 
CDB-C solution with 100 ml of CDB-D (100 mM sodium citrate, pH 3.0. 0.1 mg/ml 
3 3'^tetrai«mylben2idine). adding 50 m of 3% HjO* and allowing the color to 
develop for 30 minutes. The beta-globin genotypes of the amplified DNA samples were 
readily apparent from the filters, and good signal totensiry was obtained even from u^ 
pmol spot 

ffip r* a«mv fo r jMH™ Ang ™ 
A second set of DNA* (** described in Example 2 above) was amplified with PC03 
andBW19. BW19 ha. me sequence 5CAACTTCATCCACGTTCACC and is covalently 
^^toariMleculeofbiotinattheyend. Twelve ulcf each <rf these annjh^cation 
products were denatured as described in BMm&l*********^*** 
(6.25X SSPE, 6\25X Denhardt's, and 0.625% SDS), and incubated with the membrane- 
bound probe (the remaining four filters from Example 2 above) at 55«C for 15 minutes. 
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The membranes were then washed with 2X SSPE, 0.1% SDS (3 x 100 mi) for 3 minutes 
at room temperature, followed by a wash with 2X SSPE, Ql1% SDS (1 x 100 ml) for 5 
minutes at 55°C 

The membranes were pooled together and equilibrated in 100 ml of CDB-A for 5 
minutes at about 25°C (CDB- A: 237 mM Nad, 2J mM KO, 1 J mM KH2PO4. 8.0 mM 
5 NajHPO* pH 7 A and 5% Triton X-100). The m em br a ne s were then placed in a heat- 
scalable bag with 10 mi of CDB* A and See-Quence™ SA-HRP conjugate (Cems 
Corporation, Emeryville, CA) at 0.3 ng/ml and gendy shaken for 10 minutes at about 
2S°C Excess conjugate was removed by washing with CDB-A (3 x 100 ml for 3 minutes 
at 2S°Q, CDB-B ( 1 x 1 00 ml for 5 minutes at 25°Q, and CDB-C & x 100 mi for 3 

10 minutes at 25°CX The membranes were then equilibrated in ODB-D ( 100 ml) for S minutes 
at room temperature, followed by addition of 50 \d of 3% H2O2. The color was allowed to 
develop for 30 minutes with gentle shaking, followed by washing under deionized water . 
for 10 minutes. The four filters after color-development are shown in Figure 4. The 
intensity and specificity of signals detected by this method compare favorably to those 

15 obtained by sandwich hybridization. The faint signal in GM2064 was due to beta-globin 
contamination in that DNA sample. 

Examp le 4 

HLA DQalpha GciOTYpmg 

2Q The DQalpha test is derived from a PCR-based olig onucl eotide typing system that 

partitions the polymorphic variants at the DQalpha locus into four DNA major types 
denoted DQA1, DQA2, DQA3, and DQA4, three DQA4 subtypes, DQA4.1, DQA42, and 
DQA4.3, and three DQA1 subtypes, DQA1.1, DQA12, and DQA1J (see Higuchi a Si* 
1988. Natnre 332343-346 and Saiki et aL 1986. Nature 324:163-166). 

23 Four oligonucleotides sperilk for the major types, four oligonucleotides that 

"hnr rTtriml *f t"**yp^, grwtml rtKgnn nrtenriHft that hyfarirffaet to all allelic 

DQalpha sequences were given 400 nt pdy-dX tails and spotted onto 12 duplicate nylon 
fibers. About 2 to 10 pmofofeach probe were placed in each spot 
- With regard to amount of probe spotted, however, one may wish to employ lower 
30 amounts of RH54 and GH64, i.e., 0.035 pmol RH54 per spot is preferred. These probes 
are positive control probes for amplification and wffl hybridize » any DQa^ha alleles under 
thm mfv4tftrm< rig terih eA By reducing the amount of positive control probe on the 
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membrane, one can make the positive control probe the least sensitive probe on the 
membrane. Then, if insufficient amplified DQalpha DNA is applied to the membrane, one 
can recognize the problem, for the positive control probe will not react or will react only 
very weakly. Otherwise, when insufficient sample DNA is applied to the membrane, one 
runs the risk of misleading a heterozygous type as a hoinc^gtm rype, becatise some 
probes hybridize less efficiently than others. 

After spotting, the membranes were irradiated at 40mJ/cnA The sequences of the 
hybridizing regions of the resulting immobilized probes are shown below. 

no A Type rwignarion SfilUEOfifi 

Al GH75 5'-CTCAGCKX*Ca3CCAGGCA or 

A1 rh83 5-GAGTrCAGCAAATTTGGAO 

A2 RH71 3 -TTCCACACACTTAG ATTTG or 

rum 5'-TTCCACAGACTTAGATTTGAC 

A3 GH67 5'-TTCCGCAGATTTAGAAGAT 

Ti GH66 3 V1U 111UC1.1GITC TCA OAC 



tfi GH88 SXXn-ACSAACTCCTCATCrCC 

15 Al l 1 3 4 GH89 3 -GATGAGCAGTTCTACGTGG 

Alt GH77 5-CTGGAGAAGAAGGAGAC 

nill.3 GH76 S'-GTCTCCTTCCTCTCCAG 

3l RH54 5-CTACGTGGACXrrcGAGAG- 
™ # GAAGGAGACTGCCTG or 

20 GH64 5'-TGGACCTGGAGAGGAAGGAGACTG 

n^ A4jl*' 3 ' HE01 5^TCGCTGTGACAAAACAT 



Although most of the probes are uniquely specific for one DQA type, two of theDQAl 
subtyping probes cross hybridize to several DNA types. GH89 hybridizes to a sequence 
common to the DQA1.2, 1.3, and.4 types, and the probe GH76 detects all DQA types 
except DQA1 3. TheGH76 probe is needed to distinguish DQA1.2/1.3 heterozygotes 
fromDQAl.3/1.3 homozygotes. Further, the length and strand sj»ccifidtyrf t he probe s 
were adjusted »o^*drrelairw hybrids 

for aUelfcdiscriininaBon were These eight prc^ produce a 

fflriqtr hyhtftir*''" r— far ^ the 21 possible DQA diploid cwnbinadons. 
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The sequence variation that defines the DQalpha DNA types is localized within a 
relatively qnnii hypervariable region of the second exon that can be encompassed within a 
single 242 bp PCR amplification product (see Hon figL, 1988. Nftll Affld, So, 
USA 22:6012-6016). These primers are shown below. 

Primer RSI 34 Is S'-CTGCTGCAGGTGTAAACTTGTACCAG 

5 Primer RS135 is y-CACGGATCCGGTAGCAGOGGTAGAGTTG 

Biotinylated PCR primers were used to amplify this 242 bp DQalpha sequence from several 
genomic DNA samples: six homozygous ceil lines and six heterozygous individuals. 

The biotinylated primers were synthesized as follows. Prirnaryanuno groups were 
introduced at the 5 termini of the primers by a variation of the protocols set forth in Couil 

10 a aU 1986, Tetrahedron Lett. 22:3991-3994 and Connolly, 1987, Hug, Affjdl Ess, 
1^3131-3139. Briefly, terraethylene glycol was convened to the morw-phthaiiinido 
derivarive by reaction with phthalirrride in the presence of trrpherrylphosphine and 
dmmpnpyl azodicarboxylate (see Mhsunobu, 1981, Synthesis, pp. 1.28). The mono- 
phthalinride was c on vened to the corresponding beta-cyanoethyl diisopropylamino 

IS phosphoramidite as described in Sinha fl aL, 1984, Haft. AcwfaReg. 12;4539. The 

mriltiffg T**«HfnW<i Trrf^ wm added to the 3* ends of the olig onu cleotid es during me 
final cycle of automated DNA synthesis using standard coupling c onditi o ns . During 
normal depi otecri on of the DNA (concentrated aqueous ammonia for five hours at 55 
degrees Q, the phthatiimdo group was converted to a primary amine which was 

20 subsequently acyiated with an appropriate biotin active ester. LC-NHS-biotin (Pierce) was 
selected for its water solubility and lack cf steric Wrrirance. Thebiotinylationwas 
performed on crude, depTOtected oiigonuclec^de and the mixture poim^ 
of gdffln«rie«andreversed-phaseHPLC(see^ 1989, to PCR Protocols 

anil Ai mM" 1 **'* 1 * • A T ahrnttyru MmmI. eda. Iniria et aL. Acadtrr i ic Press. NY). 

25 After hybridizarion of trie arnplifiedP 

the DQalpha genotypes oftriese samples is In 
Hgure 5, the specifidty of each immobilized 
DQA genotype (rf each sampk is noted at the ri 

Tfr rr nr™*™-^ p™*»* th« invention have so ftrilrmffd the method of DNA 

30 ryping it teHLA DQalpha locus that kta 

bit* ram come fa a variety of forms, but a preferred embodiment of the kit is 
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described in detail below. This description is followed by a description of simplified 
typing protocols for use with the kit 

A preferred kit will contain one or more vials of prc-aliquotcd, "ste rilized" (s ee 
below) DQalpha PCR amplification mixes, typically in concentrated (2X is preferred) form 
andjne-aliquotedtaSMabquo* Each 50 \il aliquot will contain: 5 uinol KCU pmol 
Tris-HQ (pH - 83), 250 nmol Mgda, 15 pmol of biotinylated RS 134, 15 pmol of 
biodnylated RS134, 18.75 nmol each ofdGTP. dATP. dTTP. dCTP, and from ZS units 
upBSOumtstfrecornbir^^ The dNTPs will be prepared from 

stock solutions at pH-7. The sterilization protocol also mtxoduces very low levels of 
inactivated DNAse and Nad, as noted below. 

The "sterilized" reagents referred to above relate to the need to avddcontainmaiion 
of reagents with non-sample-derived nucleic acid sequences. Because PCR is such a 
powerful amplification method, contaminating molecules can lead to error. To avoid this 
contamination problem, the present invention provides a novel sterilization procedure. This 
procedure employs a DNAse, preferably bovine pancreas DNAse, to remove low levels of 
DNA contaraination from batches of PCR reaction mix. Because DN A priir^ 
sensitive to this enzyme, the primers are entitled f^ the batch until the D 
inactivated by tr^denaruration. However, if WIA primers are to be employedmthe 
PCR mixture, the primers can be present during sterilization. In addition, denvanzed 
nucleotides can be used to make an oligonucleotide resistant to DNAse; for instance, tmo- 
subswuted nucleotides, such as phosphorothioates can be used to prepare oHgonucleoades 
resistant to DNAse (see Sirzer and Eckstein, 1988. Mat AddlSO, 1*11,691). Those of 
skfll in tr*anrecognize that an eqinvalem sterilization rjrotxtou 
eroymetmttcleavesasequer^pTesemintheam^ 
target is present, tte restriction enzy^ 

^^ra^ferredsterUizatiOTpro^ 
nMTiWiapH-SASOOii^ 

0 19 ml of . sohrdon that is 25 mM in each dNTP.0.l3tmrfTaqDriA^ymaaseata 
concentration of 5 UAU, and 8.75 ml of glass distilled water. The trtixing of these reagents 
can be convenientiy carried omina50rrdporypr^ Once the rnixrure is 

—red. 650 U of DNAse I (Cooper Biomedicals; 2500 U/ml in 150 mM Nad. stored 
S are added and the resulting solution incubated at 37 degrees C fox 15 minutes. The 
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DNAse is inactivated by incubating the mixture at 93 degrees C for 10 nrinutes. Then, 
OJ8 ml of each primer at 10 uM is added to the sterilized reagent, which is men auquoted, 
preferably wim a "dedicated" pipettor and m 

The kit can optionally contain the PCR reagents above, but must contain the 
immn hiifaed pmhes of the invention, which can be prepared as described above with a 
S blomng and autoniaiDd pipetting (ievice. The soM support can be coiivem^yniaiked by 
silk-screening. The kit can also contain SA-HRP at a concentration <rf 20 tig/ml HRP, 
which correlates to 220 rtrooi/ml SA. The SA-HRP is supplied in a b uffe r c omp ose d of 10 
mMACES,2MNaCI,atapH-6J. Thekitcan alsocOTtamaconcaitrated (5Xto20X) 
solution of chromogen,such as leuco dye (as is marketed by Kodak is the Sure-CeuTM 

10 diagnostic kits) or TMB. 

The kit will also be more successful if simple, easy-to-follow instructions are 
included. Typical insmicrioris for a prefentdemb^ - 
are as follows. About 2 (if hybridization is earned out in a sealed bag) to 3 (if 
hybridization is carried out in a trough) mi of hybridization solution (5X SSPE, 0.5% 

!5 SDS, and, in some instances, 1% dextran-sulfate (M.W. 500,000, although other M.W. 
forms would work) aids in color retention) are pre-warmed to 55 degrees C prior to use. 
The sample DNA. is amplified by PCR using Worinyuued primes aid a»b»tinylawi 
produais heated »95<iegreesfOT3m 5 ntim^ Deiiaiurationcan 
also be mwrKAri by adding 5 pi of 5 M NaOH to 100 ul of PCR product (final NaOH 

20 coi«ntrationis250tnM). About 15 ul of SA-HRP stock (20 ug/ml, stored at 4 degrees 
C and never ftozen) are then added to the 2 to 3 ml of Ir/britfzauon solution and m^ 
^lcf me stiU hot, denatured PCR produa are added ^ If alkah" aenanirationis 

used, men c«et»eeds to use njore PCR ptoduato m 

attained with neat denaturation. Typically 25 to 50 ul of PCR product are used with 20 to 
25 40 ul of the SA-HRP stock solution. Best results aie obtained when the strepavidin and 
thebiotinaremapproximaamouu-eo^valen^ 
mHRP) are used for every 6 ptnoltf 

The PCR product should always be added last and tmrnrriistrly after denamration. 
If the hybridization is Redout ma sealed baft 
30 prior to sealing the bag. If the hybridization is caniedew in a trough, trough 

should be fnnry covered wim a gum plate. Hybridization is carried omfe 20 inmutesu 
55 degrees C in a shaking water bath set at a moderate to high shaking speed, i.e^ 50 to 
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200 rpm. The wash solution (2X SSPE, 0.1% SDS) is pre-warmed to 55 degrees during 
the hybridization step. After hybridization, all filters are placed in a bowl containing 200 to 
300 ml of pre-wanned wash solution and washed for 8 to 10 minutes in a shaking water 

bath at 55 degrees C 

Color development is accomplished at room temperature and usually in a shaking 
3 water bath as follows if the chromogen is TMB. The fUtm are rinsed in 200 to 300 ml of 
room temperature wash solution for S minutes, then transferred to 200 to 300 ml of Buffer 
C (100 mM NaCitrate, pH - 5.0) and rinsed for 5 minutes, then incubated for 5 minutes in 
40 ml of Buffer C containing 2 ml of TMB (2 mg/ml in 100% ethwl and stored at 4 
degrees O, then transferred to a fresh dye solution (composed of 40 ml of Buffer C and 2 

10 ml of TMB) containing 4 nl of 30% hydrogen peroxide, and the color is allowed to develop 
for 5 to 15 minutes. The color development is stopped by rinsing the filters twice with 
water, the filters can be dried and stored if protected from light. If the typing is weak (faint 
dots),' the procedure is repeated using 50 ^ of the PCR product and 40 ul of the SA-HRP - 
during the hybridization step. Ifleucodye is used in place of TMB. then one replaces the 

15 Buffer C rinse with a rinse in 200 to 300 ml of IX PBS, after which the filters are placed in 
25 ml of a mature of the dye and hydrogen peroxide (me same fc«nularion a^ 
Sure-CelTTM kits). The development time is 5 to 10 minutes: color development is stopped 
by washing the filters twice in PBS. 

Example 3 

20 rfrr^rinn nf i^uiiialtMmh Mutations 

Although there are over 54 characterized mutations of the beta-globin gene that can 
give rise to bem-thalassemia, each ethnic gram m which this cSsease is prevalem has a 
limited number of common mutations (see Kazazian fit aU 1984, Bum 3J&152-154; 
Kazazian flgU 1984, EMBO J. $593-596; and Zhang fit air. 1988, Hum, Qsnstr Zfc37- 
23 40). In Mediterranean popiilations, right mutations 
beta-thalassemia alkies. 

Probes w» synthesized that are specific f« each of these dg« mutations as well 
-as their ccnesponding normal sequences. Theprobes were grven 400 ntpoly-dT tails with 
terminal transferase and applied to membranes. Various amounts of each probe were 
30 applied to twelve duplicate nylon filters, irradiated at 40 ml/en*, hybridized with amplified 
beta-globin sequences in genomic DNA samples, and color developed. The result is 
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shown in Figure 6. In die figure, the bcta-thalasscmia locus that is detected by each 
immobilized probe pair is written at the top of the filters. For each filter, the upper row 
contains the probes that are specific for the normal sequence, and the lower row contains 
the probes specific for the mutant sequences. The beta-globin genotype of each sample is 
noted at the right of the cor r es ponding filter. The name, amount applied to the membrane 
(in pmols and noted parenthetically), specificity, and sequence of each probe is shown 
below. 



AfldsSwaficitt 
RS187 (8) Normal Beta""> 
RS188 (8) Mutant BeoU-no 
10 RS87 (4) Normal Beta» 
RS89(4) Mutant Beta* 
RS189 (0.33) Normal Beta" 
RS 190 (0.33) Mutant Betai-6 
RS191 (1) Mutant BetaM 
15 RS192(4) Normal Ben*i 
RS193 (4) Mutant Beta** 
RS201 (2) Normal Beta2-W 
RS202(2) Mutant Beta"** 
RS196 (4) Normal Beta" 
20 RS197(4) Mutant Beta* 

RS198 (4) Mutant Beta? 5-TGACTCCTGAGGAGGTCTG 

Because the beta-t h a i asse m ia mutations are distributed throughout the beta-globin 
gene, biotinylatedPCR pi Unas that amplify the entire gene in a single 1780 bp amplified 
product were used. The p r imers used for the amplification are shown below. 
25 RS151 is y-ATCACTTAGACCrCACCCTO 

RS152 is y-OACCTCCCACATTCCCTTTT 
This amplification produa encompasses all known beta-thalassemia mutations. Following 
hybridization and color development, the beta-globin genotypes could be determined by 
noting the pattern of hybrim'an'on. as shown in Figure 6. 
30 Unlike the DQalpha typing system, two pr obe s are needed to analyze each mutation - 

one specific far the normal sequence and one specific for the mutant sequence — to 
differentiate normalAnutant heterozygous carriers from mutamAnanmt ho m ozygotes. A 



5-TAGACCAATAGGCAGAGAG 

5'-CTCrCTGCCTATTAGTCrA 

y-CCTTGOACCCAGAGGTTCr 

5'-AGAACCTCTAGGTCCAAGG 

S'-CTTGATACCAAGCrCCCA 

y-TGGGCAGGTTGGCATCAAG 

y-TGGGCAGATTGGTATCAAG 

5'-CCATAGACTCACCCTGAAG 

5*-CTTCAGGATGAGTCTATGG 

5'-GCAGAATGGTAGCTGGATT 

y-GCAGAATGGTACCTGGATT 

5-ACTCCTGAGGAGAAGTCTG 

5'-GACTCCTGGGAGAAGTCTG 
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complicating factor in this analysis is caused by apparent secondary structure in various 
portions of the relatively long beta-globin amplification product that interferes with probe 
hybridization. The relatively high stringency needed to minimize this secondary structure 
requires the use of longer (19 nt hybridizing regions) probes to capture the amplified beta- 
globin fragment. Because this constraint would not permit varying the length of the probes 
to compensate for different hybridization efficiencies, the balancing of signal intensities 
was accomplished by adjusting the anioumofeachoHgcOTdec^appBedtothe 
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1. As assay regent comprising an oligonucleotide probe immobilized on a solid 
support, said probe comprising a hybridizing region that is a nucleotide sequence 
complementary to a specific nucleotide sequence to be detected ccvalentiy attached to a 
5 spacer arm which is longer than said hybridizing region, whextin said probe is immobilized 
on said solid support by a covaknt bond between said solid support and said spacer arm, 
such that the hybridizing region of said probe can hybridize to said nucleotide sequence to 
be detected under hybridizing conditions. 

2 * The assay reagent of Garni 1 , wherein said spacer arm is a polynucleotide 
10 tail, said solid support contains primary or secondary amines prior to attachment erf said 

probe to said support and said attachment is f orm ed by ultraviolet light irradiation of said . 
probe on said support. 

3. The assay reagent of Claim 2, wherein said probe is an 
15 oligodeoxyribonucleotide. 

4. The assay reagent of Claim 3, wherein said tail contains from 200 to 800 
nucleotides, 

5. The assay reagent of Claim 4 t wherein said support comprises nylon. 

6. The assay reagent of Claim 4, wherein said tail comprises at least 120 
20 pyrimidine nucleotides. 

7. The assay reagent of 6, wherein said pyrimidine nucleotides are 
thymidine nucleotides. 

8. The assay reagent of Claiin6. wherein said hybridizing region is a sequence 
of nucleotides from 17 to 23 nucleotides in length. 
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9. The assay reagent of daixn 1 that comprises a set of probes immobilized on 
a solid support, wherein said set of probes comprises two or mote memben, each member 
of said set having a hybridization region different from every other member of said set, 
wherein each member is immobilized on said solid support at a discrete location separate 

S from every other probe of said set 

1 0. The assay reagent of Claim 9, wherein each probe of said sec of probes is an 
ohgodeoxyiibonucleotide. 

1 1. The assay reagent of Claim 9, wherein one m ember probe of said set serves 
as a positive control. 

0 12. The assay reagent of Claim 9, wherein said member probes of said set are 

complementary to nucleic acid sequences of mic roorgan i sm* . 

1 3 . The assay reagent of Claim 9, wherein said member probes of said set are 
complementary to variant alleles of a genetic locus. 

14. The assay reagent of Claim 13, wherein said generic locus is an HLA locus. 

5 15. The assay reagent of Claim 14, wherein said HLA locus is DQalpha. 

1 6. The assay reagent of Claim 9, wherein said spacer arm is a polynucleotide 
tail, and said solid support contains primary or secondary amines prior to attachment of 
said probe to said support, and said attachment is formed by ultraviolet light irradiation of 
said probe on said support 

0 17. A method far preparing the assay reagent of Gaim 2, which method 

comprises: (a) contacting said probe with a solid support comprising amine groups; and 
_(b) irradiating the support prepare d in step (a) with ultraviolet light. 
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18. A mcthcxi for detecting the presence of a nucleic arid sequence in a sample, 
which method comprises: (a) contacting said sample with the assay reagent of Claim 1 
unAer rftn^ifjnn^ that allow for hybridaarion of cnmplrniffliTMy nndcic acid sequences; and 
(b) determining if hybridization has occurred. 

5 19. A kit comprising the assay reagent of Claim 1 and instruction fe detecting 

specific nucleic acids with said reagent 

20* An assay reagent comprising a set of oligonucleotide probes covalentiy 
attached to a solid support, wherein said set of probes comprises two or more meuibeis, 
each member of said set having a hybritfizaiion region 
10 of said set, wherein fra ch member is immobilized on said support at a discrete location 
separate from every other probe of said set 

21. The reagent of Claim 2a also comprising a labeled polynucleotide 
hybruSzed to one of said probes, wherein said pdynndeotide comprises at least 50 
nucleotides. 

15 22. The reagent of Claim 20, also comprising a target sequence from a sample 

hybridized to an immobilized probe of said set and a colored or flnarescem compound 
immobilized on said support at the tocation of said hybridized probe. 
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